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 [Introduction]  The application of the freedom of spin and charge of an electron to the quantum 
process of information is called ‘spintronics’. Single-molecule magnets (SMMs) are a unique class 
of compounds which show super-paramagnetic behavior at the single molecule level. They attracted 
much attention as materials for molecular spintronics devices, because we can control the spin 
distribution and the energy barrier for the magnetic relaxation. In the last two decades, variety of 
complexes with slow magnetic relaxation have been reported including phthalocyanine (Pc) multi-
decker compound that shows a single molecule magnet (SMM) properties. The Pc based Tb(III) 
double-decker complex (TbPc2) shows a high blocking temperature, below which the magnetic 
relaxation becomes slow. Moreover, the magnetic relaxation behavior of the double-decker 
complex is sensitive to the coordination and the surrounding conditions, which can be tuned using 
its flexible structure. It is possible to control their magnetic properties by changing the spin 
distribution via molecule synthesis or the molecule adsorption configuration control in films by 
using techniques such as a redox reaction or pulse current application from a STM tip. Also we 
investigated spin states of stable neutral pure-organic radical molecules of 1,3,5-triphenyl-6-
oxoverdazyl (TOV) and 1,3,5-triphenyl-6-thioxoverdazly (TTV). Such properties are useful for the 
applications like as a quantum computing and a spintronics device. 
 
[Experiment]  Au mica is used for the substrate, which was prepared with a standard Ar+ sputtering 
and annealing process in ultra-high vacuum (UHV). The degassing of molecule is performed 
carefully by heating a container of Ta boat for several hours prior to evaporation. STM 
measurements are done in UHV chambers at 4.7K. STS dI/dV curve is obtained by using a lock-in 
amplifier.  
 
[Results and Discussion]  We investigated the phthalocyaninato (Pc) based Tb(III) double-decker 
complex (TbPc2) molecular adsorbed on Au (111) surface by using scanning tunneling microscope 
(STM) and detect the TbPc2 molecular spin with an atomic scale resolution by observing Kondo 
state. The detection of Kondo feature with scanning tunneling spectroscopy (STS) has been studied 
mainly for the metal atoms adsorbed on the surface. Also we control the molecular spin and switch 
spin “on/off” by molecular adsorption structure manipulation and alkali metal Cs doping.  
Figure 1a shows the STM image of TbPc2 film on Au (111) surface. There are two types of the  
bonding configuration of the TbPc2 molecule, which are marked with 'B' and 'D'. Kondo feature is 
obtained only on the B molecule lobe and not center position, see Fig. 1b. The Kondo effect is only 
obtained on molecule lobe position, this demonstrates that the Kondo resonance is originated from 















Next we control TbPc2 magnetic properties by changing the molecule configuration by using pulse 
current application from a STM tip. We change TbPc2 molecule form B to D in Fig. 1c. We obtain 
the Kondo STS on the molecule before (I) and after (II) changing. We find the Kondo feature is 
disappeared after manipulation, see Fig. 1d. Since the Kondo resonance is originated from the 
unpaired π orbital of the Pc ligand, we can switch spin on/off by changing the molecule's structure 
that can be realized by the pulse current application. The DFT calculation shows the unpaired π spin 
in Pc ligand SOMO become doubly occupied and unpaired π spin is paired by an electron 
transferred from Au surface when the molecule configuration is changed into the D state. 1) 
 
Figure 2a shows the model of single TOV molecule. STM is able to confirm that the TOV 
adsorption structure is formed of monomer, dimer and hexamer on Au (111) surface. Also there are 
two types’ configuration of TOV molecule, which are marked with 'A' and 'B' in TOV dimmer 
shown in Fig. 2b. Kondo feature was obtained only on the type B molecule and not on type A 
molecule, see Fig. 2c. The DFT calculation suggested that attachment of H atom to the O atom to 
form OH bond can make a bright spot in type A molecule (Fig. 2d). An electron transfer from the H 
atom to the unpaired π electron makes the unpaired π electron paired, which results in the 
disappearance of Kondo peak in type A. In this field, we first successfully detected the spin as 


















Fig. 1 (a) TbPc2 film STM image. There are two types configurations marked with B and D; (b) shows  
Kondo STS on B type molecule lobe and center; (c) TbPc2 molecule manipulation by applying current 
pulse and change molecule form B to D; (d) Kondo STS on the molecule before (I) and after (II) current 
pulse applied. 
Fig. 2 (a) Model of TOV molecule. (b) STM image of TOV molecules; Size:2.0nm×2.0nm; 
Setpoint:0.1nA,-0.8V. (c) Kondo resonance observed on type B molecule. (d) Simulation image 
of type A molecule which formed “OH” bond by VASP calculation. 
Reference: 
1) Komeda Tadahiro, Liu Jie et al., NATURE COMMUNICATIONS,2011,2, 217 
2) Liu Jie, Komeda Tadahiro et al., J. Am. Chem. Soc., 2013,2,135 
 
